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As the financing institution of the EU, the European Investment Bank (EIB) has a 
long history of investments in the mDULWLPHVHFWRU7KH(,%¶VVXSSRUWIRUWKH
sector is guided by EU maritime policy which is increasingly influenced by non-
financial criteria such as safety, environment and employment. The increasing 
inclusion of non-financial criteria into financial decisions adds to the degree of 
subjectivity involved in project investment decisions, especially ones involving 
SXEOLFIXQGV7KLVVXEMHFWLYLW\LVSUHVHQWLQLQGLYLGXDOGHFLVLRQPDNHU¶VWKRXJKW
processes when assessing the relative importance of each criterion. Within this 
context, this paper examines a methodology which combines established financial 
analysis methods with multi criteria decision analysis (MCDA) in an effort to 
address this complex issue. The aim is to develop a model, which incorporates 
financial and non-financial criteria whilst accounting for the inherent subjectivity 
in investment decision making, in a transparent and auditable manner. 
The paper examines the application of the model to a fleet expansion 
project which has been financed by the EIB. Further research is proposed 
including ways in which the model could also be utilised as a performance 
indictor to track the degree to which EIB financing meets the goals outlined in 
EU maritime policy. 
Keywords: analytical hierarchy process (AHP); multi criteria decision analysis 
(MCDA); fuzzy AHP; European investment bank (EIB); project appraisal, cost 
benefit analysis (CBA);  
 
 
 
 
 INTRODUCTION 
This paper proposes a methodology to combine cost benefit analysis (CBA) and multi 
criteria decision making tools, using financial and non-financial criteria, to develop a 
heuristic model aimed at determining the extent to which individual EIB project 
investment decisions meet the goals of EU maritime policy whilst still maintaining 
essential financial integrity. The methodology proposed should adequately and 
transparently reflect both the quantitative (monetary and non-monetary aspects) and 
qualitative or subjective aspects of project assessment. These aspects are considered 
essential in providing a more accurate description of the total benefits both to the 
borrower and to society as a whole.  
The EIB is mandated to implement EU policy in the maritime sector with a 
particular focus on port infrastructure, construction of new vessels, environmental 
retrofitting of vessels, coastal protection and research, development and innovation 
(RDI) and the protection of the environment and energy efficiency (European 
Commission 2012). 
Prior to the granting of a loan, the EIB performs a lengthy legal, financial, 
economic, technical and environmental due diligence exercise which is termed project 
appraisal; its purpose is to justify the allocation of EIB funds for projects prepared by 
public and commercial project promoters. These are largely assessed in monetary terms, 
as investments are policy driven in pursuance of the financial and economic benefit to 
the EU. When assessing the financial and economic value of its investments, the EI%¶V
current practice is to employ CBA tools;  Net Present Value (NPV); Internal Rate of 
return (IRR); and Economic Rate of Return (ERR) as criteria. These tools are used to 
demonstrate financial evidence in monetary terms to support project finance.  
However, CBA tools alone are limited in their scope, as regards non-financial 
elements, as well as in accounting for subjectivity of human decision making. Firstly, 
policy choices are rarely between a simple choice of whether or not to implement a 
project, as there are generally several viable alternatives to the proposed project, e.g. the 
construction of a new green field port or upgrading an existing port. In some maritime 
projects, identifying and quantifying tKHSURMHFW¶VILQDQFLDOEHQHILW through CBA is not 
the sole aim, as the overall goal might be the provision of an essential service. The fact 
that CBA tools alone can only account for a weighted mixture of financial evidence 
inhibits its effectiveness, as the decision to invest is affected by considerations that are 
not purely financial. This is evident in the likes of remote island ferry services and 
coastal and environmental protection, as well as projects proposed due to regulatory 
constraints (ballast water treatment systems or emission control areas) where returns 
measured in purely monetary values are obviously insufficient. Furthermore, national 
policy regularly demands the maintenance of a minimum of public service obligations. 
In these circumstances, project appraisal focuses on whether the project represents the 
most efficient method of providing the required service. 
Secondly, investment decision making, especially involving the use of public 
funds, involves a degree of subjectivity in weighing the individual decision criteria.  In 
project assessment, determining the importance of weights, for the expert assessments 
of the criteria, is an essential process. Furthermore, weighing the criteria involves 
human judgment which by nature is imprecise and vague. Within this context the 
MCDA methodology of fuzzy Analytic Hierarchy Process (F-AHP) has been often been 
considered as an effective method in accounting for such imprecisions.  
Within this context, this paper proposes a methodology to quantify and include 
the more qualitative and non-monetary aspects involved in investment decisions, using a 
combination of CBA and F-AHP.  
Finally, the paper develops a test case based on a vessel acquisition project 
which the EIB has previously financed. The case first identifies a limited number of 
alternatives to this real project, devised to potentially meet the investment objectives 
targeted by the original proposal. The goal of the exercise was to ascertain through the 
model the degree to which each of the objectives aligned with EU maritime policy with 
a view to identifying the one which most closely matched the criteria. 
 
LITERATURE REVIEW 
By applying a weighting of project appraisal parameters, both qualitative and 
quantitative, an important recognition is made of the more subjective aspects of human 
behaviour. The Bank, as an EU institution, is deeply embedded in a complex multi-
national political context and as such there is a need to examine ways in which to 
address the subjectivity involved in international project appraisal. Experimental 
economics and behavioural decision/organization theory, point to the failure of rational 
choice as a model describing human behaviour (Jones, B.D. 1999). However, this does 
QRWPHDQWKDWµSROLWLFDOGHFLVLRQV¶DUHLUUDWLRQDOµ%RXQGHGUDWLRQDOLW\¶DVVHUWVWKDW
decision makers are intentionally rational (Jones, B.D. 1999); in other words, they are 
goal oriented and adaptive. However, due to the nature of human cognitive and 
emotional being, they occasionally err, when making decisions. Rational analysis in 
institutional contexts such as that of the EIB can help the decision making process by 
taking account of the above. Any chosen methodology needs to adequately reflect this 
subjectivity clearly and transparently. 
There is an array of methods available for solving MCDA problems and one of 
the most widely accepted is the Analytic Hierarchy Process (AHP), developed by Saaty 
(1980). AHP allows the incorporation of judgments on both tangible and intangible 
data. The approach is centred on the structuring of pair-wise comparison matrices in 
order to evaluate both decision criteria and alternatives. This enables the establishment 
of a hierarchy which results in ranking the available alternatives open to decision 
makers. 
'HVSLWH$+3¶VZLGHVSUHDGXVHLQDFDGHPLFFRPPHUFLDODQGSROLWLFDOVSKHUHV
the methodology does have its limitations. These iQFOXGH$+3¶VLQDELOLW\RILGHQWLI\LQJ
incomparability when two incomparable elements are judged and; its compensatory 
nature, namely the fact that poor scores in one factor can be compensated by higher 
scores in another. Thus an option which does not fulfil the requirements in a specific 
attribute can still end up ranked as a better option. The method applied in this paper is 
also subject to these shortcomings, of which suitable account must be taken.  
Furthermore, the AHP is open to criticism for its shortcomings in the treatment 
of the uncertainty inherent in the subjectivity involved in the mapping of human 
perceptions to exact numbers (Deng 1999). In short, pure AHP may not fully reflect 
human behaviour, as decision makers usually feel more at ease with submitting interval 
judgments rather than crisp single natural or whole numbers. When a project appraiser 
is faced with selecting pairwise comparisons in standard AHP, they may not consider it 
appropriate to assign single numerical values due to uncertain and insufficient data. As a 
result of concerns with data derived from human subjectivity, the fuzzy set theory, 
developed by (Zadeh 1965), can further assist in decision making. One of the methods 
used to address this limitation is the embedment of fuzzy theory to basic AHP. This 
approach is known as Fuzzy AHP (F-AHP). One of the earliest examples of combining 
classical AHP with fuzzy set theory was considered (van Laarhoven and Pedrycz 1983). 
The biggest challenge with F-AHP is related to acquiring a normal and convex 
fuzzy number. The method also requires cumbersome calculations. Buckley (1985) 
utilises the geometrical mean method in deriving fuzzy values, whereas Chang (1992) 
LQWURGXFHVDQDSSURDFKLQYROYLQJµWULDQJXODUIX]]\QXPEHUXVDge and extent analysis 
method for synthetic extent values of pair-ZLVHFRPSDULVRQV¶. 
Examples of the application of F-AHP can be found in the assessment of water 
management plans; critical decisions in new product development; flexible 
manufacturing systems and safety management in production; selection of enterprise 
resource planning systems; evaluation of success factors in e-commerce; personnel 
management. 
With the above in mind and taking suitable account of weaknesses, this paper 
proposes an F-AHP based MCDA methodology combined with CBA tools. 
Leviakangas and Lahesmaa (2002) use the CBA for various projects as criteria in the 
AHP hierarchy to evaluate the most appropriate intelligent transport system (ITS). 
Mahmoodzadeh et al (2007) propose a method for project selection using F-AHP, CBA 
& TOPSIS. Babic and Tomic-Plasibatalso (1999) incorporate CBA tools as criteria in 
evaluating investment projects.  Haven (1998) utilises a fuzzy extension of the AHP in 
order to rank various equal NPV projects by utilising the NPV as criterion in the AHP 
hierarchy. Project selection questions have been addressed in various management 
forums, examples of which are Research & Development (Loch and Kavadias, 2002); 
Environmental Management (Ramcharan and Dey, 2005); and Quality Management 
(Hariharan et al. 2004). 
With regards to MCDA application in the maritime sector, the literature is 
abound with material relating to the application of AHP to navigation, safety, route and 
port selection and even supplier selection, to name but a few. However, little material is 
found on investment decision making in the maritime sector. One such article is from 
Rousos and Lee (2012) which examines widening the traditional perspective through 
which shipping investment decisions are made by applying AHP for the quantification 
of qualitative decision processes with CBA tools. 
 
RESEARCH METHODOLOGY 
An integrated F-AHP-CBA model is one that sets CBA output as a sub-set of the model 
criteria in the F-AHP hierarchy. The remaining criteria will comprise non-financial 
elements. This integrated approach is frequently found in the literature and has found 
recognition in the academic world as an acceptable and efficient multi-criteria 
methodology. 
CBA 
CBA is the standard economic appraisal technique used by the EIB to assess the 
socio-economic desirability of a project. Its use is intended to result in a number of 
quantitative project metrics, which are then corrected for various distortions (price etc.) 
and market constraints. These metrics are the ERR and the Economic Net Present Value 
(139$SURMHFW¶V(55LVHVVHQWLDOO\DQDVVHVVPHQWRIWKHDYHUDJHDQQXDOUHWXUQWR
EU/society on the capital invested throughout the lifetime of the project. It represents 
the interest rate DWZKLFKWKHSURMHFW¶VGLVFRXQWHGFRVWVDQGEHQHILWVDUHLQequilibrium. 
A project is viewed as acceptable by the EIB if the ERR meets or exceeds the social 
discount rate$SURMHFW¶V(139LVWKHGLIIHUHQFHEHWZHHQGLVFRXQWHGFRVWVDQGEHQHILWV
at a given discount rate. Projects generally must have a positive ENPV in order to 
qualify for Bank support. CBA represents more than a simple set of indicators. CBA 
analysis can assist in clarifying: 
x project goals. 
x project stakeholders as well as the effects on those stakeholders. 
x overall impact on government finance. 
x WKHSURMHFW¶V financial sustainability. 
x project risks. 
Moreover, CBA helps estimate the results of a project if implemented, and 
likewise if the project is not implemented. It assists in evaluating whether the project 
meets the stated goals, and in indicating if the project components are the most efficient 
in achieving those goals. In short, CBA is an integral part of the work presented in this 
paper by providing metrics which enable comparison between project alternatives.  
With some projects a suitably comprehensive CBA operation is not possible. In 
these cases, the due diligence aim is to enhance CBA and replace it with a cost 
effectiveness analysis (CEA), particularly where the investment decision is taken within 
a socio-political context. In sectors where project benefits are difficult to measure, 
through the use of CBA/CEA, the Bank has implemented MCDA as an appraisal 
technique. In particular, the Bank has used MCDA in assessing investments in urban 
development as well as in health and education. In these sectors, costs are relatively 
straightforward to appraise, however, the benefits are not immediately manifested in 
financial terms. It is in these circumstances MCDA methods have demonstrated their 
value in the assessment of the nonfinancial and subjective elements of decision making. 
Furthermore, combined with elements of CBA, it can provide a balanced indicator in 
the assessment of socio-economic benefits. 
In general, the suitability of the above appraisal techniques is summarised in 
Table 1. The two drivers are the extent to which the output variables can be monetised, 
and the degree to which the project produces multiple outputs (EIB 2008). 
 F-AHP  
F-AHP is mainly characterised by the classification of values which do not 
have sharply defined boundaries. Subjective judgments can be represented by fuzzy 
numbers. This paper proposes the use of triangular fuzzy numbers defined by three real 
numbers, expressed as ሺ݈ǡ ݉ǡ ݑሻǤTriangular fuzzy numbers are represented as shown in 
Figure 1: 
Figure 1 
ߤ஺ሺݔሻ ൌ ൝ ሺݔ െ ݈ሻȀሺ݉ െ ݈ሻ ݈ ൑ ݔ ൑ ݉ሺݑ െ ݔሻȀሺݑ െ ݉ሻ ݉ ൑ ݔ ൑ ݑ ? ݋ݐ݄݁ݎݓ݅ݏ݁  
The Buckley (1985) method is adopted here, to determine the relative weights 
for criteria and alternatives. The steps of the procedure are as follows: 
In order to compare the criteria and hence complete the questionnaire, the expert 
appraisal team will utilise Table 2 to guide their judgements. 
Table 2 
The pairwise comparisons rely on the judgements of experts to formulate 
priority scales. These measure the intangibles in relative terms. The comparisons are 
made using a scale of absolute judgements that denote the degree to which one criterion 
dominates another with respect to a given attribute. 
The pair wise contribution matrix is shown in Eq.1, where ݀పఫ௞෪  indicates the ݇௧௛ 
decision maker¶s preference of ݅௧௛criterion over ݆௧௛criterion, via fuzzy triangular 
numbers. Here, a tilde represents the triangular number demonstration, for example, 
݀ଵଶଵ෪   UHSUHVHQWVWKHILUVWGHFLVLRQPDNHU¶VSUHIHUHQFHRIILUVWFULWHULRQRYHUVHFRQG
criterion, and equals, ݀ଵଶଵ෪ ൌ ሺ ?ǡ ?ǡ ?ሻǤ 
ܣ௞෪ ൌ ۏێێێ
ۍ݀ଵଵ௞෪ ݀ଵଶ௞෪ ǥ ݀ଵ௡௞෪݀ଶଵ௞෪ ǥ ǥ ݀ଶଵ௞෪ǥ ǥ ǥ ǥ݀௡ଵ௞෪ ݀௡ଶ௞෪ ǥ ݀௡௡௞෫ےۑۑۑ
ې
  (1) 
N.B. more than one decision maker requires an average, 
ሚ݀௜௝ ൌ  ? ௗഢണೖ෪ೖೖసభ௄   (2) 
Applying average preferences, pairwise contribution matrices are as follows, 
ܣሚ ൌ ቎ ሚ݀ଵଵ ǥ ሚ݀ଵ௡ǥ ǥ ǥሚ݀௡ଵ ǥ ሚ݀௡௡ ቏  (3) 
The calculation of the geometric mean of fuzzy comparison values for each 
comparison values for criterion (ݎǁ ௜ represents triangular values) is: 
ݎǁ ௜ ൌ ሺ ? ሚ݀௡௝ୀଵ ௜௝ሻଵȀ௡ǡ ݅ ൌ  ?ǡ ?ǡ ǥ Ǥ Ǥ ݊  (4) 
For fuzzy weights criterion first calculate the vector summation of each  ݎǁ ௜  and 
then multiply with the reverse vector, 
ݓ෥௜ ൌ ݎǁ௜ ۪ ሺݎǁଵ ْ ݎǁଶ ۩ǥ ǥ ǥ Ǥ ݎǁ௡ሻିଵ ൌ ሺ݈ݓ௜ǡ ݉ݓ௜ǡ ݑݓ௜ሻ  (5) 
As ݓ෥௜ are triangular fuzzy numbers they require µdefuzzification¶ using the 
Centre of Area method, 
ܯ௜ ൌ  ሺ݈ݓ௜ǡ ݉ݓ௜ǡ ݑݓ௜ሻȀ ?                                                   (6) 
As ܯ௜ is a non fuzzy number it required normalisation as follows, 
௜ܰ ൌ ܯ௜Ȁ  ? ܯ௜௡௜ୀଵ                                                                      (7) 
The operations described above are then performed to establish the normalized 
weights of criteria and the alternatives. By multiplying each alternative weight with 
related criteria, the scores for each alternative are calculated. The rankings are then 
SUHVHQWHGWRWKH%DQN¶Vmanagement for decision. 
 
Alternatives 
The alternatives, A, of the model will be a finite set of maritime investment 
projects which all have the same goal as the project presented to the EIB for funding, 
where ܣ ൌ ሼܣ݅׊ ?ǡ ?ǡ ?Ǥ Ǥ ܯሻ . The model outputs will be the ranking of the project 
alternatives based on selected criteria, G where ܩ ൌ ሼܩ݅׊ ?ǡ ?ǡ ?Ǥ Ǥ ܰሻ  
The formula for establishing alternatives and criteria for the methodology is 
guided by EU/EIB strategies and objectives, formally termed the project eligibility. 
Once a prospective borrower submits their project to the Bank, before beginning 
WRIXOO\DSSUDLVHWKDWSURMHFWWKH%DQN¶VVHUYLFHVPXVWEHVDWLVILHGWKDWthe project is 
eligible. The current EIB eligibilities are listed in Figure 2: Primary Corporate 
Operations Plan (COP) objectives, and the Transversal Objectives. 
Figure 2 
It is within the context of the above eligibilities that the project alternatives will 
be chosen. Each alternative should match one or more objectives. However, all 
alternatives should match the same objectives. 
The alternatives should be realistically identified and scoped and effort should 
be directed at quantifying the key metrics. It is accepted that some of the projects¶ 
qualities or issues can only be described qualitatively. Examples of such metrics 
include: 
x Projected results 
x Flexibility  
x Employment consequences 
x Financial impact 
x Third party consequences 
x Workload, performance, capacity objectives 
x Ease of accessibility 
x Physical characteristics  
x infrastructure implications 
x Project planning 
Criteria 
Criteria are used to evaluate the project alternatives which have been identified through 
the process outlined above. These criteria include financial and non-financial elements 
specific to the nature of the investment concerned. 
The model presented in this paper comprises two levels of criteria in a four level 
hierarchy shown in Figure 3. The second level in the hierarchy is divided into two major 
factors in project assessment, financial and non-financial criteria. It should be noted 
here that the second level is for illustrative purposes.  Further granularity is added by the 
inclusion of sub-criteria to the respective factors at level 3. The fourth level represents 
the set of proposed project alternatives. 
Figure 3 
The chosen number of criteria will, to a large extent, reflect the nature of the 
project as well as the quality and level of project information. Attention should be given 
to achieving an appropriate and effective level of criteria, entailing a manageable level 
of analytical effort which, in turn, delivers an acceptable level of transparency. 
Likewise, there is potential that important aspects, positive or negative, may be 
unaccounted for if insufficient criteria are identified. Potentially redundant/duplicate 
criteria, or criteria which do not assist in differentiating alternatives should be filtered. 
The quantifiable financial sub-criteria have been FKRVHQEDVHGRQWKH(,%¶V
emphasis on the CBA metrics of IRR, NPV, ERR and project cost.  NPV and IRR are 
the two most common parameters used to compare investment projects. It is important 
to note that whilst these two metrics are strongly correlated, they provide two differing 
metrics, absolute value and percentage, commonly used in investment decisions. 
However, in a certain projects, the two criteria may give contradictory results, i.e. one 
project is acceptable if we consider the NPV method, but at the same time IRR method 
favours another project. The reasons of conflict between the two are due to the variance 
in the inflows, outflows, and life of the project. In these cases IRR is considered to be 
inappropriate. The ERR is an important factor in selecting projects, based on their value 
to society as a whole; EIB, as a policy driven Bank, considers this as essential to the 
decision making process. The fourth financial criterion is the initial cost of investment; 
obviously an essential metric in the process. This is especially the case for public 
investments which allocate tax revenue and where little or no monetary returns can be 
expected.  
It should be noted at this stage that market risk is also incorporated into the 
SURMHFW¶VILQDQFLDOoutput, through the use of the capital-asset pricing model (CAPM). 
An adjusted risk premium is applied to forecast project returns and costs, corresponding 
to the projected volatility. The result is a project NPV reflecting its risk weighted value. 
The second set at level 2 comprises the non-financial sub-criteria which have 
been determined as essential. These elements are both qualitative and quantitative 
metrics. Environment and employment are two key cores in EU policy. For the purposes 
of brevity in this pre-appraisal model, environmental criteria also include climate 
change considerations which will ultimately be the subject of a full review during the 
final due diligence exercise. Employment will consider both the temporary employment, 
JHQHUDWHGGXULQJWKHSURMHFW¶VLPSOHPHQWDWLRQ, in addition to full time equivalent 
positions, FUHDWHGRUORVWDVDUHVXOWRIWKHSURMHFW¶VLPSOHPHQWDWLRQ Account must also 
be taken of indirect employment effects generated by the project but which are difficult 
to quantify (suppliers, services etc.).  The EU policy objectives criterion will be a metric 
which indicates the extent to which project eligibility is met by each alternative. Finally, 
the technological fit criterion is chosen as a gauge of the extent to which the technical 
aspects of the proposed alternative are considered adequate in meeting the overall goals 
of the initial project. 
Criteria - Pairwise Comparisons 
Applying fuzzy set theory to AHP qualitative judgments can make comparison more 
intuitive, reduce assessment bias, and improve the treatment of subjectivity in pairwise 
comparisons. Wherever feasible, this approach adopts quantitative assessment of 
alternatives with respect to the criteria.  
Quantitative inputs are a critical block of the comparisons, as this inserts a 
dynamic element in the proposed model which is able to distinguish between project 
proposals and time. The inputs to the model represent the actual numbers to be 
normalised so as to obtain the decision matrices. 
These inputs are: the NPV, IRR and the ERR of each alternative; the 
DOWHUQDWLYHV¶3URMHFW&RVWV3&DQGWKHHPSOR\PHQWJHQHUDWHG)RXURIWKHVHLQSXWV are 
sought to be maximised, namely the NPV, IRR and ERR and employment generated. 
The fifth one, that is Project Costs, is sought to be minimised. 
The decision matrix Bi, i א (NPV, IRR, ERR, PC, Employment, Environment), 
requires maximising and is derived directly by normalising the input vector, Ai, i א 
(NPV, IRR, ERR, PC, Employment, Environment). For example, the decision matrix of 
the IRR input is obtained by a one-to-one correspondence of the input IRR matrix cells 
with the sought decision matrix cells bj so that: 
1
1 6
8
[ ,..., ] : ,  j, n (1, ,. 8)..
1
( )TIRR j nB b b b a ia

   ¦
 
The matrix for the PC requires the inverse input vector cells followed by 
normalisation such that: 
1
1
1 6 ..
8
[ ,..., ] : ,  j, n (1, ,8).
1
( )T j nPCB b b b a ia

   ¦
 
The non-financial and more qualitative comparisons are environment, 
employment and EU/EIB Priority Objective Eligibility. The values attributed to these 
criteria are determined by the COP Targets and eligibilities for the specific project and 
will be subject to future study. For the purposes of this paper the following approach is 
used: 
x Environment: Simple % reductions in CO2, NOx, SOx and particulates 
gathered from data provided by the borrower and manufacture of project 
components (or Classification Society). 
x Employment: Man-years of employment during construction and project 
operation. 
x Technical Fit: (VWLPDWHGE\WKH%DQN¶V project appraisal team from a range 
of 1-10, based on the WHFKQLFDODVSHFWVRIWKHSURMHFW¶VDELOLW\WRUHDFKWKH
full COP target and Eligibility. 
x Eligibility: (VWLPDWHGE\WKH%DQN¶VDSSUDLVDOWHDPDQGVHOHFWHGIURPD
range of 1-10, and baseGRQWKHYDOXHDGGHGFRQWULEXWLRQRIWKH%DQN¶V
involvement in the project. 
 
Criteria decision vectors - Establishing the decision matrix and the questionnaire  
The first step in applying our model will be a review of the initial project 
proposal submitted to the Bank in order to determine whether the proposal is in line 
with EU/EIB policy. This review will be based on the eligibilities described above. If 
the proposal is deemed eligible then a limited set of alternatives will be determined, 
utilising a set of similar eligibilities and project goals to the initial project proposal 
submitted. According to the alternatives identified, the set of criteria will be established 
in order to construct the pairwise comparison matrix.  
The derivation of the pairwise comparison matrix depends on expert 
judgements to determine the criteria set, and derive their priority scales.  For this 
exercise a number of senior engineers and economists, with extensive experience in the 
appraisal of large shipping and port infrastructure projects, were instrumental in the 
identification and development of the test criteria set and the derivation of the 
questionnaire. 
The comparison of the various criteria by their preference is a clearly 
subjective phase, meaning that preferences may vary depending on various externalities. 
+RZHYHUµVXEMHFWLYLW\¶LVVRPHWKLQJWKDWUHTXLUHVVHULRXVFRQVLGHUDWLRQLQWKH%DQN¶V
commercial and socio-political context, as it represents delicate realities in a significant 
number of cases. The goal here is not to eliminate subjectivity from the investment 
evaluation process but to attempt to account for it, since it is an inherent part of the 
evaluation process. 
The procedure used to establish the relationships follows the F-AHP procedure 
and proposes that these comparisons are established on the basis of a questionnaire 
comparing the various sub-FULWHULDRIOHYHOWZREHWZHHQHDFKRWKHU,QWKH%DQN¶VFDVH, 
it is proposed that this questionnaire be the subject of more rigorous research in order to 
evaluate to what extent its final compilation can be the result of a more automated 
SURFHGXUH$FRPSOHWHGTXHVWLRQQDLUHFDQEHIRXQGLQ)LJXUH7KHDSSUDLVDORIILFHU¶V
preferences towards the criteria are transformed in a numerical value using the scale 
described in Table 2. 
After all pairwise comparisons have been established, the preference vector is 
calculated. 
 
CASE STUDY 
This section describes the application of the model to a project previously completed by 
the Bank. The case concerns commercial vessel new builds which is typical of the type 
of vessel acquisition projects for which the Bank provides funding.  
The test case project consists of the construction of six ro-ro / multi-purpose 
cargo vessels. The vessels would EHHPSOR\HGZLWKLQWKHERUURZHUV¶H[LVWLQJ1RUWKHUQ
Europe ± West Africa routes. The project aimed to replace nine older vessels of the 
ERUURZHU¶VIOHHWZKLFKwere operating in these routes and should  therefore introduce 
increased fuel efficiencies and reduce overall harmful emissions on these routes. The 
vessel high level specifications are: 
x Length overall  236.30 m 
x Moulded breadth 36.16   m 
x Deadweight  31,607 dwt 
x Gross tonnage 71,600  
x Main engine Hyundai - Wartsila RT-Flex 58T-E: MCR 17.4 MW 
x Service Speed 20.2 knots 
All six vessels and equipment will be constructed to the requirements of a 
European flag and under survey by a  classification society, member of IACS 
(International Association of Classification Societies). 
The aim of the project is essentially an increase in fleet capacity, together with an 
overall increase in energy efficiency. The project is forecast to generate high ERR, 
estimated at about 13%. Returns are expected to be largely generated by operational 
costs savings, due mainly to fuel savings and charter costs (some currently wet 
chartered-in vessels will be released). Fuel consumption and related CO2 emissions are 
expected to be reduced by 28% in the project scenario versus the baseline scenario. 
7KHµH[SHUW¶RSLQLRQLVWKDWWKH major weighting factor when considering the 
questionnaire and pairwise comparisons will be eligibility, as the project is expected to 
promote more fuel efficiency and thus contribute to sustainable sea transport. The 
project would therefore be eligible under EU Commission Directives and the following 
COP priorities: Protection of the environment and sustainable communities (sustainable 
inter-urban transport). The project is also consistent with the EIB Transport Lending 
Policy (EIB 2012) and contributes towards the EIB Climate Change transversal 
indicator (Mitigation - Sustainable Transport) (EIB 2012) 
Following the identification of a valid set of initial project eligibilities, credible 
model alternatives were developed. The team of experts concluded that the following 
projects should constitute the set of model alternatives: 
x New build - WKHERUURZHU¶VSURMHFWSURSRVDO 
x Second Hand acquisition & re-engine 
x Lengthening and re-engine current vessels  
The values for the relevant technical and economic metrics for two alternatives 
WRWKHERUURZHUV¶SURMHFWwere subsequently estimated by the expert team, e.g. cargo 
capacity, energy efficiency and emissions, investment cost, financial returns. The goal 
of both alternatives was to provide equal or improved economic and social performance 
to that of the original project. 
DISCUSSION OF RESULTS 
The aim of the test case exercise, in terms of producing a final ranking, is to provide an 
indicator as to whether or not the proposed project, in the form in which it was 
presented to the Bank, was indeed the best option available to meet the intended goals 
DQG(86RFLHW\¶VQHHGV 
The method proposed is fundamentally based on the outcome of the 
questionnaire, the output of which was used to derive the (triangular number) pairwise 
comparison matrix. The questionnaire is shown in figure 4 and it was devised and 
completed as a result of feedback from the panel of experts described earlier. The 
results of the criteria comparisons showed a clear preference for ERR and for the more 
non-financial criteria, over the financial aspects of the project (investment cost, NPV or 
IRR). This reflects the emphasis on the social/employment and environmental aspects 
over commercial profitability, and that, indeed, the project experts viewed the project 
eligibility as one of sustainable transport.  
Figure 4 
The pairwise comparison matrix was used to derive Table 3, containing the set 
of geometric means of the fuzzy comparison values ݎǁ ௜ (eq. 4) from which the fuzzy 
weights , ݓ෥௜ (eq. 5) were derived. ݓ෥௜ were subsequently ³GHIX]]LILHG´ to provide ܯ௜ 
which was normalised to produce ௜ܰ, the final weighting fuzzy decision criteria 
preference vector: 
Table 3 
Tables 4 and 5 contain the numerical inputs for both the financial and non-
financial criteria 
Table 4 
Table 5 
These matrices are then normalised to compile the joint alternatives performance 
decision matrix in table 6: 
Table 6 
Finally, the integrated CBA/F-AHP results can be seen in Table 8. 
Table 8 
The data indicates that had the decision been based solely on the financial 
metrics of PC, NPV, IRR and ERR, the new build project would most likely be selected. 
But subjecting these metrics to further scrutiny, after comparing their relative 
importance through the questionnaire and F-AHP processing, the results produced a far 
closer ranking, suggesting that the introduction of further criteria would indeed assist in 
the decision making process. The inclusion of metrics representing employment, 
environment and technical fit and eligibility helped to provide a wider range of criteria 
on which to base any decision. 
7KH%DQN¶VGHFLVLRQWRILQDQFHWKe new build project placed significant 
emphasis on the social and environmental aspects, whilst the financial returns still had 
to be satisfactory. However, unlike the methodology proposed in this paper, that 
decision was taken on a more formal quantitative assessment of the non-financial 
information at hand, whilst a full CBA was effected at the same time. In this respect, the 
results shown above seem to corroborate the decision to select the new build project, 
whilst being able to demonstrate clearly how non-financial criteria were accounted for. 
Further effort is required to test the sensitivity of the model by further research 
on the design of the questionnaire, such that other scenarios are tested in more detail. 
Research is also needed into the rationale behind the µexpert choices¶ made in 
completing the questionnaire. As such, it is not possible at this stage to state with any 
conviction that the model, in its current form, clearly represents definitive solution 
which can be used in a real scenario. 
Finally, there are some limitations to the model and some deficiencies that the 
proposed methodology could not overcome or avoid. The fact that it is based on the 
time value of money, requiring a certain number of assumptions and input data, puts 
some extra constraints on its value. In mitigation, the effects of potentially erratic CBA 
figures can be lessened by allowing the appraiser to assign less weight to these figures 
GXULQJWKHFULWHULDµSUHIHUHQFH¶DVVLJQPHQW 
The model chosen for analysis in this paper can and should be refined and 
restructured to fit the specific EIB and borrower needs. The options to create custom 
hierarchies are practically limitless. However, care must be taken to avoid 
overcomplicating assessments and to limit the criteria and alternatives such that the 
PRGHOGRHVQ¶WORVHWKHQHFHVVDU\WUDQVSDUHQF\ 
CONCLUSIONS 
It is widely accepted that investment decisions, whilst being backed up by scientific 
reason, are also subject to individual emotions, intuition and are idiosyncratic in nature. 
It is essential that non-financial issues play an important role in public investment 
evaluation process and their influence on investment decisions be incorporated into 
formal decision making methodology.  
It was in the above sense that this paper presented a methodology of combining 
CBA and F-AHP, using financial and non-financial criteria, to develop a heuristic 
model aimed at determining the extent to which individual project investment decisions 
meet both financial criteria and the goals of EU maritime policy. The methodology 
reflects both the quantitative (monetary and non-monetary aspects) and qualitative, or 
subjective, aspects of project assessment. These aspects are considered essential in 
providing an accurate description of the total benefits both to the borrower and to 
society by and large.  
A case study, based on one of WKH%DQN¶VSDVWSURMHFWV, involving a commercial 
fleet renewal, was presented to illustrate the use of the proposed model. The results 
indicate the capability and effectiveness of the model, ZKLFKFDQDVVLVWWKH%DQN¶V
project appraisers to better evaluate realistic investment alternatives in terms of their fit 
to overall EU maritime objectives. The results of the case study demonstrate that, 
through fuzzy quantification, qualitative criteria can be incorporated into the investment 
decision process in a transparent and auditable manner. The case study exercise also 
demonstrated the necessity for closer coordination of expert opinion formulation. 
Criteria weightings, as well as option scoring, represent, respectively, opinions about 
the relative importance of the selected criteria, and the benefits that will be enjoyed 
from the implementation of each alternative. Whilst every attempt should be made to 
ensure that the method is transparent and methodical, it is important that the use of the 
model and the formulation of alternatives, criteria and the questionnaire are undertaken 
by a small expert appraisal team (as opposed to individual analysts) and that the results 
of the application are subjected to thorough sensitivity analysis. 
In short, the model demonstrates a holistic approach to the problem studied 
and can constitute as a basis for further research and enhancement of maritime 
investment processes. 
 
Further research 
The use of the proposed model is of course not restricted to a fleet expansion 
case. Also, the selected criteria and alternatives may differ from those represented in the 
case study, or may comprise different alternatives and hierarchies and indeed consider 
the problem in more depth. The model may be applied to wider and more diverse areas 
of maritime project investment decisions. Furthermore, investment decisions are not 
limited to selecting between concrete projects. Alternatives could also represent other 
considerations, probabilities and possibilities concerning opportunities versus risks. 
Consider the following situation: the Greek government prioritise ferry service 
investments for remote island connections, deciding on levels of investment for 
individual island clusters. Fuzzy numbers could represent the amount of subsidies for 
the development of chosen routes. The government could then guarantee a certain 
interval of subsidies for the promotion of those routes. If, for example, the total grants 
wRXOGUHSUHVHQWWKHµIX]]\¶DPRXQWRIDSSUR[LPDtely 1 billion euros, the guaranteed 
interval of grants could be calculated. A prospective budget of between 0.8 and 1.5 
billion euros of subsidies could then be established. In this manner, future uncertainties 
could be more subtly accounted for than in the case of calculations based on crisp 
weightings. 
Finally, further study should be undertaken in developing the model as the basis 
of a performance indictor that can used to track the degree to which EIB financing 
meets the goals outlined in EU maritime policy. 
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Tables 
Table 1. Suitability of methodologies across project circumstances. 
 Output Variables 
 
 High Low 
Quantifiable Variables 
 
High CBA/CEA CBA/CEA 
Low MCDA CEA 
 
  
Table 2. Linguistic terms and corresponding fuzzy numbers. 
Saaty 
Scale 
Definition 
Fuzzy 
Triangular Scale 
1 Equally Important (1,1,1) 
3 Weakly Important (2,3,4) 
5 Fairly Important (4,5,6) 
7 Strongly Important (6,7,8) 
9 Absolutely Important (9,9,9) 
 
The following represent intermittent values 
between two adjacent scales 
 
2 
 
(1,2,3) 
4 (3,4,5) 
6 (5,6,7) 
8 (7,8,9) 
 
Table 3. Criteria preference vector. 
Criteria 
ri 
 
Criteria wi 
 
F-AHP Criteria Mi Ni % Rank 
NPV 0.61 0.74 0.88 
 
NPV 0.07 0.09 0.12 
 
NPV 
0.09 
0.09 9% 6 
IRR 0.30 0.37 0.46 
 
IRR 0.03 0.04 0.06 
 
IRR 
0.05 
0.05 5% 8 
ERR 1.34 1.50 1.65 
 
ERR 0.14 0.18 0.23 
 
ERR 
0.18 
0.19 19% 1 
PC 0.34 0.39 0.46 
 
PC 0.04 0.05 0.06 
 
PC 
0.05 
0.05 5% 7 
Env 1.07 1.14 1.19 
 
Env 0.12 0.138 0.164 
 
Env 
0.14 
0.14 14% 4 
Emp 1.19 1.36 1.57 
 
Emp 0.12 0.138 0.164 
 
Emp 
0.14 
0.14 14% 4 
Elig 1.23 1.40 1.65 
 
Eligib 0.13 0.171 0.226 
 
Eligib 
0.18 
0.18 18% 2 
Tech fit 1.19 1.33 1.49 
 
Tech fit 0.13 0.162 0.205 
 
Tech fit 
0.16 
0.17 17% 3 
Total 7.27 8.21 9.34 
             
Total-1 0.14 0.12 0.11 
             
Increasing 
order 0.11 0.12 0.14 
              
  
 Table 4. Financial criteria. 
 
Numerical Inputs for the Alternatives NPV (EUR million) IRR % ERR % PC (EUR million) 
New Builds     1000 12 15 345 
Vessel Lengthening   600 10 10 150 
Second Hand Vessel Acquisition 800 11 8 175 
  
Table 5. Non-financial criteria. 
 
  Alt 1 Alt 2 Alt 3             
                    
Environment 25 20 8             
% Reductions in emissions of NOx, SOx and Particulates         
                    
                    
Employment 6000 3000 1000             
During Construction and during operation (figures in man-years)         
                    
Technical fit  8 7 6             
(estimated by the appraisal team from the range of 1-10 and based on the COP target and eligibility of the project) 
                    
                    
Eligibility 7 7 5             
(value added contribution to the Bank's involvement in the project and based on a 1-10 evaluation of the fit) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6. The aOWHUQDWLYHV¶performance decision matrix. 
 
Alternatives - Decision Matrix 
NPV IRR ERR 
Project 
Costs 
Environment Employment Eligibility Technical fit 
New Builds 
0.42 0.36 0.45 0.51 0.47 0.60 0.37 0.38 
Vessel Lengthening 
0.25 0.30 0.30 0.22 0.38 0.30 0.37 0.33 
Second Hand Vessel Acquisition 
0.33 0.33 0.24 0.26 0.15 0.10 0.26 0.29 
  
 Table 7. Final calculated ranking. 
 
  NPV IRR ERR Project Costs Environment Employment Eligibility Technical fit TOTAL Rank 
New Builds 0.039 0.017 0.085 0.025 0.066 0.084 0.066 0.063 0.445 1 
Vessel Lengthening 0.023 0.014 0.056 0.011 0.053 0.042 0.066 0.055 0.321 2 
Second Hand Vessel Acquisition 0.031 0.016 0.045 0.013 0.021 0.014 0.047 0.047 0.234 3 
   
Figure legends 
Figure 1. Fuzzy triangular numbers. 
Figure 2. Project eligibilities. 
Figure 3. The proposed F-AHP maritime investment model. 
Figure 4. Commercial fleet renewal µTXHVWLRQQDLUH¶ 
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Figure 2  
Primary COP Objective 
Transverse Objective 
 
x Trans European Networks ± Transport 
(TEN-T) 
x Trans European Networks - Energy (TEN-E) 
x Sustainable Transport 
x Renewable Energy & Energy Efficiency 
x Environmental Protection 
x Climate Action * 
x Economic & Social Cohesion * 
x Knowledge Economy (RDI) 
(* expressed as a primary objective where the others 
are not relevant or in order to reach 100% Primary 
Objective) 
x Climate Action 
x Economic & Social Cohesion 
x Growth & Employment Faciliy 
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Environment Employment
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Technological Fit
Alternative 1 Alternative 2 Alternative 3 
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